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(54) A driving apparatus for controlling gear shifting in a hybrid vehicle 



(57) The present invention provides a driving appa- 
ratus for a vehicle comprising an engine (11) for provid- 
ing a primary driving force to a driving shaft (14) and an 
auxiliary power plant (17) connected with the engine 
(11) through a transmission (12) the transmission (12) 
comprising an input shaft (29) for inputting the primary 
driving force from the engine (11) and an output shaft 
(30) connected to the input shaft (29) for transmitting the 
primary driving force to the driving shaft (14) wherein 
the auxiliary power plant (1 7) provides a secondary driv- 
ing force to the driving shaft (14) during a shifting in 
speed. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a driving ap- 
paratus for a vehicle comprising an internal combustion 
engine, an auxiliary power plant and a differential mech- 
anism and a vehicle using the same. 

DISCUSSION OF THE RELATED ART 

[0002] An automobile transmission includes a syn- 
chronous type using a meshing gear as in a manually- 
operated transmission and a planet type using a plane- 
tary gear as in an automatic transmission. The synchro- 
nous type is necessary to temporarily interrupt the trans- 
mission of an engine driving force when changing speed 
due to the characteristics of the meshing gear. There- 
fore, a torque shortage occurs caused by interruption of 
a driving force. Conventionally, for controlling this torque 
shortage, an auxiliary power plant (or motor generator 
"M/G") is utilized to compensate for the interruption of 
the driving force. But, since the torque interruption is 
compensated for by the M/G, the sum total of the output 
of the M/G that is required is equal to that of the engine, 
making it difficult to realize the loading properties of the 
system without having a costly and large M/G. Further, 
since the M/G arranged within the transmission has a 
gear ratio that is always higher than the engine speed, 
the cooperation loss increases when running at high 
speeds. 

[0003] The plant type, utilizing a planetary gear, con- 
nects a first power transmission channel for transmitting 
an output of an engine to a vehicle driving shaft to a 
second power transmission channel in order to avoid a 
cooperation loss caused by a generator when the en- 
gine is stopped and the vehicle runs only by the motor. 
A power transmission switching means switches be- 
tween the first and second power transmission chan- 
nels. But, when the power transmission channels are 
switched during speed changes a shock occurs be- 
cause of a torque difference between the power trans- 
mission channels. 

SUMMARY OF THE INVENTION 

[0004] The present invention provides a light-weight 
and compact driving apparatus for a vehicle and a ve- 
hicle using the same utilizing a planetary gear. The 
present invention also provides a driving apparatus 
which reduces shock caused by a torque difference be- 
tween power transmission channels when changing 
speed. 

[0005] In an object of the present invention a driving 
apparatus for a vehicle is provided comprising an engine 
for providing a primary driving force to a driving shaft 
and an auxiliary power plant connected with the engine 
through a transmission the transmission comprising an 



input shaft for inputting the primary driving force from 
the engine and an output shaft connected to the input 
shaft for transmitting the primary driving force to the driv- 
ing shaft wherein the auxiliary power plant provides a 
5 secondary driving force to the driving shaft during a shift- 
ing in speed. 

[0006] In another object of the present invention a 
driving apparatus for a vehicle is provided comprising 
an engine for providing a primary driving force to a driv- 

10 ing shaft and an auxiliary power plant connected with 
the engine through a transmission the transmission 
comprising an input shaft for inputting the primary driv- 
ing force from the engine and an output shaft connected 
to the input shaft for transmitting the primary driving 

is force to the driving shaft wherein the auxiliary power 
plant provides a secondary driving force to the driving 
shaft during a shifting in speed the secondary driving 
force having a torque substantially equal to that of the 
primary driving force. 

20 [0007] In yet another object of the present invention 
a driving apparatus for a vehicle is provided comprising 
an engine for providing a primary driving force to a driv- 
ing shaft and an auxiliary power ptant connected with 
the engine through a transmission the transmission 

25 comprising a set of gears for changing speed and an 
input shaft for inputting the primary driving force from 
the engine and an output shaft connected to the input 
shaft for transmitting the primary driving force to the driv- 
ing shaft wherein the auxiliary power plant provides a 

30 secondary driving force to the driving shaft during a shift- 
ing in the gears. 

[0008] In another object of the present invention a ve- 
hicle is provided utilizing the driving apparatus of the 
present invention. Also, a method of operating a driving 
35 apparatus of the present invention is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The above advantages and features of the in- 

40 vention will be more clearly understood from the follow- 
ing detailed description which is provided in connection 
with the accompanying drawings. 
[0010] FIG. 1 illustrates a hybrid vehicle utilizing the 
driving apparatus according to one embodiment of the 

45 present invention; 

[0011] FIG. 2 illustrates a shockless speed change 
control apparatus in the embodiment of FIG. 1 ; 
[0012] FIG. 3 is a flowchart of the shockless speed 
change operation in the embodiment of FIG. 1 ; 

so [001 3] FIG. 4 illustrates the shockless speed change 
operation in the embodiment of FIG. 1 ; 
[0014] FIG. 5 illustrates a vehicle loaded with a driving 
apparatus according to another embodiment of the 
present invention; 

55 [001 5] FIG. 6 illustrates a vehicle loaded with a driving 
apparatus according to another embodiment of the 
present invention; 

[001 6] FIG. 7 illustrates a vehicle loaded with a driving 
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apparatus according to another embodiment of the 
present invention; 

[001 7] FIG. 8 illustrates a vehicle loaded with a driving 
apparatus according to another embodiment of the 
present invention; 

[001 8] FIG. 9 illustrates a vehicle loaded with a driving 
apparatus according to another embodiment of the 
present invention; 

[0019] FIG. 10 illustrates a shockless speed change 
control apparatus in the embodiment of FIG. 9; 
[0020] FIG. 1 1 is a flowchart illustrating the shockless 
speed change operation in the embodiment of FIG. 9; 
[0021] FIG. 12 illustrates the components of the 
shockless speed change operation in the embodiment 
of FIG. 9; 

[0022] FIG. 1 3 illustrates a vehicle loaded with a driv- 
ing apparatus according to another embodiment of the 
present invention; 

[0023] FIG. 1 4 illustrates a vehicle loaded with a driv- 
ing apparatus according to another embodiment of the 
present invention; 

[0024] FIG. 1 5 illustrates a vehicle loaded with a driv- 
ing apparatus according to another embodiment of the 
present invention; 

[0025] FIG. 1 6 illustrates a vehicle loaded with a driv- 
ing apparatus according to another embodiment of the 
present invention; and 

[0026] FIG. 1 7 illustrates a vehicle loaded with a driv- 
ing apparatus according to another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0027] Exemplary embodiment of the present inven- 
tion will be described below in connection with the draw- 
ings. Other embodiments may be utilized and structural 
or logical changes may be made without departing from 
the spirit or scope of the present invention. Like items 
are referred to by like reference numerals throughout 
the drawings. 

[0028] Referring now to the drawings, in FIG. 1, an 
engine 11 is an internal combustion engine, in which fuel 
and air are supplied to generate power. A transmission 
12 is a mechanism for changing a driving force of the 
engine 1 1 according to the vehicle conditions. The driv- 
ing force of the engine 11 through the transmission 12 
is transmitted to a front wheel driving shaft 14 through 
a differential gear 1 3. The vehicle is provided on the rear 
wheel with a differential gear 15 and a rear wheel driving 
shaft 16. 

[0029] An auxiliary power plant including a motor gen- 
erator (M/G) is an electric motor which receives a supply 
of electric power from the outside to generate power, or 
receives a supply of power from the outside to generate 
electric power. M/G 17 is controlled for a driving force 
and power generation by a motor controller 1 8 such as 
an inverter. Likewise, M/G 19 is controlled for a driving 
force and power generation by a motor controller 20 



such as an inverter. A battery 21 serves to store power 
to be output by the M/G 1 7 and the M/G 1 9. A clutch 22 
is a mechanism for transmitting the driving force of the 
engine 11 to the driving shaft or interrupting the same. 

5 A clutch actuator 23 is a device for controlling engage- 
ment and disengagement of the clutch 22. 
[0030] A planetary gear 24 comprises three input/out- 
put shafts, a sun gear, a carrier and a ring gear, out of 
which the sun gear is connected to the M/G 1 7, the car- 

10 n'er is connected to a planetary gear output shaft 25, and 
the ring gear is meshed with a gear of the transmission 
1 2. 1 n this case, the planetary gear 24 is meshed with a 

2- speed input gear 32e. On the planetary gear output 
shaft 25 are arranged a low speed gear 26 and a high 

15 speed gear 27. A one-way clutch 28 is a mechanism for 
limiting a rotating direction of the planetary gear output 
shaft 25, which is actuated at the time of torque assisting 
by the M/G 1 7 or starting of the engine 1 1 . 
[0031 ] The transmission 1 2 has an input shaft 29 con- 

20 nected to the engine 11 through the clutch 22 and an 
output shaft 30 connected to the front wheel driving shaft 
14 through the differential gear 13. The input shaft 29 
and the output shaft 30 are connected to each other with 
a speed change gear of forward 5-speed and backward 

25 1 -speed comprising paired spur gears. The transmis- 
sion 12 has the constitution similar to that of the con- 
ventional manually-operated transmission. Note, al- 
though the 5-speed is selected, any number of speeds 
may be selected. 

30 [0032] A 1 -speed input gear 31 e of the transmission 
12 is meshed with a 1 -speed output gear 31 v. Likewise, 
a 2-speed input gear 32e, a 3-speed input gear 33e, a 
4-speed input gear 34e, a 5-speed input gear 35e, and 
a backward input gear 36e are meshed with a 2-speed 

35 output gear 32v, a 3-speed output gear 33v, a 4-speed 
output gear34v, a 5-speed output gear 35 v, and a back- 
ward output gear 36v, respectively. Here, the 1 -speed 
input gear 31 c, the 2-speed input gear 32e, the 5-speed 
input gear 35e, and the backward input gear 36e are 

40 connected to the input shaft 29. The 3-speed output 
gear 33v and the 4-speed output gear 34v are connect- 
ed to the output shaft 30. The 1 -speed output gear 31 v, 
the 2-speed output gear 32v, the 5-speed output gear 
35v and the backward output gear 36v are hollow gears 

45 and are rotatable on the output shaft 30. Further, The 

3- speed input gear33e and the 4-speed input gear 34e 
are hollow gears, and are rotatable on the input shaft 29. 
[0033] A dog clutch 40 is a synchronous gear, which 
rotates at the same rotating speed as that of the output 

so shaft 30 on the output shaft 30. When the rotating speed 
of the 1 -speed output gear 31 v is equal to that of the 
output shaft 30, the dog clutch 40 can be engaged with 
the 1 -speed output gear 31 v. When the driving force of 
the engine 1 1 transmitted to the 1 -speed output gear 31 v 

55 is zero, the dog clutch 40 can be disengaged with the 
1 -speed output gear 31 v. The dog clutch 40 can be also 
engaged with and disengaged with the 2-speed output 
gear 32v and may also assume a neutral state not con- 
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nected to any gear. Similarly, a dog clutch 41 can also 
be engaged with the 3-speed input gear 33e and the 
4-speed input gear 34e and a dog clutch 42 can be en- 
gaged with the 5-speed output gear 35v and the back- 
ward output gear 36v. Further, a dog clutch 43 is dis- 
posed on the planetary gear output shaft 25 and can be 
engaged with the low speed gear 26 and the high speed 
gear 27. These dog clutches are driven by a shift con- 
troller 44. The shift controller 44 also controls the clutch 
actuator 23. 

[0034] A hybrid controller module (HCM) 45 generally 
controls the engine 1 1 , the M/G 1 7, the M/G 1 9, and the 
shift controller 44. Details of the hybrid controller module 
(HCM) 45 will be described later. An engine control unit 
(ECU) 46 controls factors derived from the output char- 
acteristics and the exhaust characteristics of the engine 
such as a fuel injection quantity and an intake air quan- 
tity of the engine in accordance with instructions of the 
HCM 45. 

[0035] Hence, running by a motor using a driving force 
produced by the M/G 17 is also possible. That is, the 
dog clutch 43 is disengaged to engage any one dog 
clutch within the transmission 12 according to the run- 
ning conditions of the vehicle while the clutch 22 is left 
disengaged. The M/G 1 7 is controlled so that the one- 
way clutch 28 may be operated. The planetary gear out- 
put shaft 25 is fixed, whereby the driving force of the M/ 
G 1 7 is increased or doubled and is transmitted from the 
ring gear to the 2-speed input gear 32e. The driving 
force transmitted to the 2-speed input gear 32e is further 
increased or doubled through the 1 -speed input gear 
31 e and the 1 -speed output gear 31 v, and is transmitted 
to the front wheel driving shaft 14. Since the 2-step 
speed change stage of the planetary gear and the 
1 -speed gear is present, the M/G 1 7 is able to drive the 
vehicle with a small torque. 

[0036] Also, according to the vehicle driving appara- 
tus of the present invention, engine starting by the M/G 
1 7 is possible. The dog clutches 40, 41 , 42, and 43 are 
disengaged to place them in a neutral state. The clutch 
22 is engaged. The M/G 1 7 is controlled so that the one- 
way clutch 28 may be operated. The planetary gear out- 
put shaft 25 is fixed; whereby the driving force of the M/ 
G 1 7 is increased or doubled and is transmitted from the 
ring gear to the 2-speed input gear 32e. The engine 11 
is started by the driving force transmitted to the 2-speed 
input gear 32e. Since the torque of the M/G 17 is in- 
creased by the planetary gear 24, the M/G 1 7 can start 
the engine 11 with only a small torque. 
[0037] Also, according to the vehicle driving appara- 
tus of the present invention, the engine 1 1 may generate 
a driving force even when the vehicle speed is zero. The 
dog clutch 43 is engaged with the low speed gear 26 to 
transmit the driving force of the engine 11 to the front 
wheel driving shaft 14 through the planetary gear 24. At 
this time, the relation of the rotating speed of each of 
the input and output shafts is linear, and therefore, the 
rotating speed of the M/G 17 is controlled making the 
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rotating speed of the planetary gear output shaft 25 ze- 
ro. That is, even when the vehicle speed is zero, the 
driving force of the engine can be transmitted to the front 
wheel driving shaft. 

5 [0038] According to the driving apparatus of the 
present invention, the torque assist is also enabled by 
the M/G 17 and the M/G 19. That is, it is possible that 
the dog clutch 43 is actuated to double the torque of the 
M/G 1 7 by the planetary gear 24 to apply torque assist 

10 to the front wheel driving shaft 14. Likewise, regenera- 
tion is also enabled by the M/G 1 7 and the M/G 1 9. 
[0039] Further, according to the vehicle driving device 
of the present invention, the cooperation loss of the M/ 
G 17 can be suppressed. That is, the dog clutch 40 is 

15 placed in a neutral state, whereby the M/G 1 7 stops due 
to its own cogging torque with the torque balance of the 
planetary gear 24 kept so that the carrier and the ring 
gear are idle. Therefore, the cooperation loss of the W 
G 17 can be suppressed. 

20 [0040] According to the vehicle driving device of the 
present invention, shockless speed change is also en- 
abled. That is, the M/G 17 is controlled to transmit the 
driving force of the engine 11 through the planetary gear 
24, whereby the driving force of the engine exerted on 

25 the dog clutch of the transmission 12 is zero while se- 
curing the driving force of the vehicle to enable switching 
the dog clutch. In other words, the driving force is con- 
stantly maintained during switching of the dog clutch by 
making, substantially equal, the primary driving force of 

30 the engine and a secondary driving force as exerted 
through the planetary gears. 

[0041] FIG. 2 shows a schematic view of a control ap- 
paratus including a hybrid controller module (HCM) 45 
and an engine control unit ECU 46. The hybrid controller 

35 module (HCM) 45 has a host controller 50 for determin- 
ing the optimum operating point of the engine 11 and 
the torque assist quantity to be provided by the M/G 1 9 
according to the intention of a driver. The ECU 46 is a 
device for controlling the intake air quantity or the fuel 

40 injection quantity of the engine 1 1 according to instruc- 
tions from the host controller 50 or information on the 
state of the engine. A control apparatus 51 of the M/G 
17 imparts driving instructions of the M/G 17 to the in- 
verter 1 8. A control apparatus 52 of the M/G 1 9 imparts 

45 drive instructions of the M/G 19 to the inverter 20, The 
M/G 17 control apparatus 51 prepares driving force in- 
structions of the M/G 17 based on driving force instruc- 
tions and speed change ratio instructions. 
[0042] The M/G 19 control apparatus 52 prepares 

so driving instructions of the M/G 1 9 based on M/G 1 7 driv- 
ing instructions of the M/G 17 control apparatus 51 and 
vehicle driving instructions from the host controller 50. 
Therefore, M/G17 and M/G19 are harmonized. A shift 
controller 53 imparts dog clutch operating instructions 

55 to the shift actuator 44 based on driving instructions of 
the M/G 1 7 and driving force instructions of the vehicle. 
The shift controller 53 is controlled in harmony with the 
M/G 17 and the M/G 19. 
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[0043] Next, a control flow of shockless speed change 
will be explained with reference to FIG. 3 for speed- 
changing from 2-speed to 3-speed. First, in Step 1 , a 
torque is controlled for the M/G 17 and the M/G 19. In 
Step 2, responsiveness of torque control is adjusted for 
both M/G 1 7 and M/G 1 9. The adjustment quantity is 
calculated by the host controller according to the condi- 
tion of a vehicle, the intention of a driver, and the con- 
dition of the engine or the battery. A map or a function 
may be applied in advance. Further, even fixed value 
can be controlled so as to be free from an unpleasant 
feeling for a driver. The procedure proceeds, via Step 2, 
to Step 3 in which the torque of the M/G 17 coincides 
with a target value. The target value of the M/G 1 7 is 
calculated by the host controller according to the condi- 
tion of the engine or the battery. In Step 3, when the 
torque of the M/G 17 becomes equal to a target value, 
the procedure proceeds to Step 4. 
[0044] In Step 4, the dog clutch 40 is disengaged. In 
Step 3, when the torque of the M/G 17 becomes equal 
to a target value, since the engine torque is transmitted 
to the driving shaft through the planetary gear, the en- 
gine torque exerted on the dog clutch 40 is about zero. 
Therefore, the dog clutch 40 can be disengaged with 
ease. Then, in Step 5, the speed of the M/G 17 is con- 
trolled. Since the engine speed corresponds to that of 
the 2-speed, the engine speed is changed to that corre- 
sponding to the 3-speed. During that period, the M/G 1 9 
is subjected to torque control. In Step 6, the engine 
speed is compared with the rotating speed of the 
3-speed input gear 33e. If the engine speed coincides 
with the rotating speed of the 3-speed input gear 33e, 
the procedure proceeds to Step 7. If not, the procedure 
retumes to Step 5, in which the control of the engine 
speed is carried out. 

[0045] In Step 7, the dog clutch 41 is engaged. Since 
the engine speed coincides with the rotating speed of 
the 3-speed input gear 33e, the dog clutch 41 can be 
engaged with ease. After completion of Step 7, the pro- 
cedure proceeds to Step 8. In Step 8, torques of the M/ 
G 17 and the M/G 19 are reduced. A reducing degree 
at that time is calculated by the host controller according 
to the condition of a vehicle, intention of a driver, and 
the condition of the engine or the battery. When the tor- 
ques of the M/G 1 7 and the M/G 1 9 indicate zero, the 
speed change operation is completed. 
[0046] Next, FIG. 4 schematically represents opera- 
tion of components at the time of shockless speed 
change from the 2-speed to the 3-speed. In a state of 
running at the 2-speed, the dog clutch 43 is engaged 
with the low speed gear 26. At that time, the torque of 
the M/G 1 7 is set to zero, whereby the input and output 
shafts of the planetary gear 24 are rotatable. As a result, 
easy engagement can be made, and no shock at the 
time of engagement occurs. In the speed change oper- 
ation, first, the torque of the M/G 17 is increased. Thus, 
the torque occurring in the ring gear of the planetary 
gear is increased to introduce the driving force of the 



engine 1 1 into the planetary gear 24. This state is called 
a torque control mode 1 . 

[0047] In the torque control mode 1 , the M/G 1 7 car- 
ries out a torque control. The 2-speed gear output torque 

5 decreases as the torque of the M/G 1 7 increases. There- 
fore, the vehicle driving force is insufficient only by the 
driving force of the engine 1 1 . So, the insufficient part is 
compensated for by the M/G 1 9. The M/G 19 is subject- 
ed to torque control. When the torque generated in the 

io ring gear becomes equal to that of the engine 11 , the 
dog clutch 40 engaged with the 2-speed is disengaged. 
At this time, since the torque of the 2-speed output gear 
32v is about zero, the dog clutch 40 can be disengaged 
with ease. 

15 [0048] In the next stage of the speed change opera- 
tion, the speed of the engine 1 1 is changed to the rotat- 
ing speed of the 3-speed. That is, the variable speed 
change occurs between the 2-speed and the 3-speed. 
At this time, this state is called a speed control mode. In 

20 the speed control mode, the M/G 17 is subjected to 
speed control. The driving force of the engine 1 1 is trans- 
mitted to the front wheel driving shaft 14 through the 
planetary gear 24. Since the planetary gear output 
torque 25 is linear relative to the torque of the M/G 17, 

25 overs and shortages of the driving force occur. So, the 
driving force is compensated for by the M/G 1 9 similarly 
to that mentioned previously. The M/G 1 9 is subjected 
to torque control. 

[0049] In the final stage of the speed change opera- 
30 tion, when the speed of the engine 11 coincides with that 
of the 3-speed input gear 33e, the dot clutch 41 is en- 
gaged. Thereafter, the torques of the M/G 1 7 and the M/ 
G 19 are reduced. This state is called a torque control 
mode 2. In the torque control mode 2, when the torques 
35 of the M/G 1 7 and the M/G 1 9 indicate zero, the speed 
change operation is completed. 

[0050] Hence, the present invention provides a driv- 
ing apparatus for a vehicle comprising an engine for pro- 
viding a primary driving force to a driving shaft and an 

40 auxiliary power plant connected with the engine through 
a transmission. The transmission comprises an input 
shaft for inputting the primary driving force from the en- 
gine and an output shaft connected to the input shaft for 
transmitting the primary driving force to the driving shaft 

45 wherein the auxiliary power plant provides a secondary 
driving force to the driving shaft during a shifting in 
speed. 

[0051 ] Next, FIG. 5 is a view showing the system con- 
stitution of a vehicle loaded with a driving apparatus of 

50 another embodiment accordingto the present invention. 
In this embodiment, the driving force of an engine 111 
is changed in speed by a transmission 112 accordingto 
the condition of a vehicle, and is transmitted to a driving 
shaft 114 through a differential gear 113. The transmis- 

55 sion 1 1 2 is a transmission in which a shaft on the engine 
111 side and a shaft on the driving shaft 114 side are 
arranged in parallel, and having forward 5 stages and 
backward 1 stage. A 1 -speed 131, a 2-speed 132, a 
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5-speed 131 , and backward 136 have, on the shaft on 
the driving shaft 114 side, a shaft of the transmission 
112, and dog clutches for engaging and disengaging 
each speed change gear. A 3-speed 133 and a 4-speed 
have, on the shaft of the engine 111 , the shaft of the 5 
transmission 1 1 2 and a dog clutch for engaging and dis- 
engaging each speed change gear. Though not shown, 
each dog clutch engages and disengages by a shift ac- 
tuator. The clutch 121 is a device for transmitting the 
driving force of the engine 111 to the transmission 112 
or interrupting the same. The clutch actuator 122 is a 
device for actuating the clutch 121 . 
[0052] M/G 1 1 5 and M/G 1 1 6 are electric motors, and 
are driven by a driving device 117 of the M/G 115 and a 
driving device 1 1 8 of the M/G 116, respectively. A battery 
1 1 9 is a power storing device for supplying driving power 
to the M/G 115 and the M/G 116 or storing generated 
power. 

[0053] A planetary gear 123 has input and output 
shafts of a sun gear, a carrier, and a ring gear. The sun 
gear, the carrier, and the ring gear are respectively con- 
nected to the M/G 115, a planetary gear output shaft 
1 24, and an input gear, arranged on the shaft of the en- 
gine 111 side, of the 2-speed 132 of the transmission 
112. On the planetary gear output shaft 124 are ar- 
ranged a low speed gear 1 26 meshed with an input gear 
on a shaft of the engine 1 11 , of the 3-speed 133 of the 
transmission 112, and a high speed gear 127 meshed 
with an input gear, arranged on a shaft of the engine 
111 , of the 4-speed 134 of the transmission 112. Like- 
wise, the low speed gear 126 and the high speed gear 

127 are selectively engaged with and disengaged with 
the planetary gear output shaft 124 by the dog clutch 

128 on the planetary gear output shaft 124. 
[0054] I n a case where the motor G/M 1 1 5 carries out 
the torque assist or the like when changing speed, a 
one-way clutch 125 can be actuated to amplify the 
torque by the planetary gear 123 for transmission. The 
motor M/G 1 1 6 is connected to the shaft on the driving 
shaft 114 side of the transmission 112. Here, the M/G 
1 1 5 and the M/G 1 1 6 are disposed on the same driving 
shaft, and therefore, the control of the shockless speed 
change is made easier than that in the constitution of 
FIG. 1. 

[0055] Next, FIG. 6 illustrates a vehicle loaded with a 
driving apparatus according to another embodiment of 
the present invention. The driving force of an engine 21 1 
is changed in speed by a transmission 21 2 according to 
the condition of a vehicle, and is transmitted to a driving 
shaft 21 4 through a differential gear 213. The transmis- 
sion 21 2 is a transmission in which a shaft on the engine 
211 side and a shaft on the driving shaft 214 side are 
arranged in parallel, having forward 5 stages and a 
backward one stage. A 1 -speed 231 and a backward 
236 have, on the shaft on the driving shaft 214 side, a 
dog clutch for engaging and disengaging the shaft of the 
transmission 212 with each speed change gear. A 
2-speed 232, a 3-speed 232, a 4-speed 234, and a 



5-speed 235 have, on the shaft on the engine 211 side, 
dog clutches for engaging and disengaging the shaft of 
the transmission 212 with each speed change gear. 
Though not shown, the dog clutch realizes engaging 
and disengaging states under the operation of a shift 
actuator. 

[0056] The clutch 222 is a device for transmitting the 
driving force of the engine 211 to the transmission 212 
or interrupting the same. The clutch actuator 223 is a 
device for actuating a clutch 222. M/G 21 7 and M/G 21 8 
are electric motors, and are driven by a driving device 
219 of the M/G 217 and a driving device 220 of the M/ 
G 21 8, respectively. A battery 221 is a power storing de- 
vice for supplying driving power to the M/G 21 7 and the 
M/G 21 8 or storing generated power. 
[0057] A planetary gear 240 has input and output 
shafts of a sun gear, a carrier, and a ring gear. The sun 
gear, the carrier, and the ring gear are respectively con- 
nected to the M/G 217, a planetary gear output shaft 
241 , and an input gear, arranged on the shaft of the en- 
gine, of the 1 -speed 231 of the transmission 21 2. On the 
planetary gear output shaft 241 are arranged a 1-2 
speed change gear 242, a 2-3 speed change gear 243, 
a 3-4 speed change gear 244, and a 4-5 speed change 
gear 245 meshed with gears on the shaft on the engine 
211 side of a 2-speed 232, a 3-speed 233, a 4-speed 
234, and a 5-speed 235, respectively. 
[0058] An output shaft of the M/G 21 8 is connected to 
a differential gear 215, and the driving force of the M/G 
21 8 is transmitted to a driving shaft 21 6 through the dif- 
ferential gear 215. When the M/G 217 carries out a 
torque assist or the like, a one-way clutch 146 is actu- 
ated, and the torque can be amplified by the planetary 
gear 240 for transmission. In FIG. 6, the 1-2 speed 
change gear 242, the 2-3 speed change gear 243, the 
3-4 speed change gear 244, and the 4-5 speed change 
gear 245 on the planetary gear output shaft 241 are 
switched according to the speed change to thereby en- 
able variable speed change between all the speed 
change gears with a small motor capacity. 
[0059] FIG. 7 illustrates a vehicle loaded with a driving 
apparatus according to another embodiment of the 
present invention, which is a constitution particularly 
suited to a rear wheel driving vehicle. The driving force 
of an engine 41 0 is changed in speed by a transmission 
41 1 according to the condition of a vehicle, and is trans- 
mitted to a driving shaft 413 through a differential gear 
41 2. A clutch 41 4 is a device for transmitting the driving 
force of the engine 41 0 to the transmission 41 1 or inter- 
rupting the same. A clutch actuator 415 is a device for 
actuating a clutch 41 4. The transmission 41 1 is a trans- 
mission in which a counter shaft 41 6 and an output shaft 
417 are arranged in parallel, having forward 5 stages 
and a backward 1 stage. The driving force of the engine 
410 is transmitted to the counter shaft 416 through a 
speed change stage 418. 1 -speed paired gears 421, 
2-speed paired gears 422, 3-speed paired gears 423, 
5-speed paired gears 424, and backward paired gears 
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425 include a pair of gears, and 4-speed is realized by 
directly connecting a dog clutch 426 to the engine 410. 
[0060] Further, the dog clutch 426 is engaged with the 
1 -speed paired gears 421 to realize the 1 -speed. A dog 
clutch 427 is engaged with the 2-speed paired gears 422 
or the 3-speed paired gears 423 to realize the 2-speed 
and 3-speed. A dog clutch 428 is engaged with the 
5-speed paired gears 424 or the backward paired gears 
425 to realize the 5-speed and the backward. Though 
not shown, the dog clutch realizes engaging and disen- 
gaging states under the operation of the shift actuator. 
M/G 430 and M/G 431 are electric motors, which are 
driven by a driving device 432 of the M/G 430 and a driv- 
ing device 433 of the M/G 431 , respectively. A battery 
434 is a power storage device for supplying driving pow- 
er to the M/G 430 and the M/G 431 or storing generated 
power. 

[0061] A planetary gear 434 has input and output 
shafts of a sun gear, a carrier and a ring gear. The sun 
gear, the carrier, and the ring gear are connected to W 
G 430, a planetary gear output shaft 440, and a counter 
shaft 416 of the transmission 411 , respectively. On the 
planetary gear output shaft 440 are arranged two sets 
of paired gears of low speed paired gears 436 and high 
speed paired gears 437, which are selectively engaged 
with the output shaft 41 7 by a dog clutch 438. The M/G 
431 is arranged on the output shaft 417. 
[0062] In this constitution, the gear of the convention- 
al transmission is not used as a transmission channel 
of output from the planetary gear as shown in FIG. 1. 
Therefore, the gear ratio between the low speed gear 
436 and the high speed gear 437 can be designed freely 
to facilitate designing the M/G driving force. While two 
sets of paired gears are disposed on the planetary gear 
output shaft 440, it is noted that two or more sets can 
be arranged to enable further miniaturization of M/G and 
reduction of shock. 

[0063] FIG. 8 illustrates a vehicle loaded with a driving 
apparatus device according to another embodiment of 
the present invention, which is a constitution particularly 
suited to a rear wheel driving vehicle. The driving force 
of an engine 51 0 is changed in speed by a transmission 
511 according to the condition of a vehicle, and is trans- 
mitted to a driving shaft 513 through a differential gear 
51 2. A clutch 51 4 is a device for transmitting the driving 
force of the engine 51 0 to the transmission 51 1 or inter- 
rupting the same. A clutch actuator 51 5 is a device for 
actuating a clutch 514. The transmission 511 is a trans- 
mission in which acountershaft516and an output shaft 
517 are arranged in parallel, having forward 5 stages 
and a backward one stage. The driving force of the en- 
gine 51 0 is transmitted to the counter shaft 51 6 through 
a speed change stage 51 8. 1 -speed paired gears 521 , 
2-speed paired gears 522, 3-speed paired gears 523, 
5-speed paired gears 524, and backward paired gears 
525 include a pair of gears, and a 4-speed is realized 
by directly con necting a dog clutch 52 to the engine 51 0. 
Further, the dog clutch 526 is engaged with the 1 -speed 



paired gears 521 to thereby realize the 1 -speed. A dog 
clutch 527 is engaged with the 2-speed paired gears 522 
or the 3-speed paired gears 523 to realize the 2-speed 
and the 3-speed. A dog clutch 528 is engaged with the 
5 5-speed paired gears 524 or the backward paired gears 
525 to realize the 5-speed and the backward. Though 
not shown, the dog clutches realize engaging and dis- 
engaging states under the operation of the shift actuator. 
[0064] M/G 530 and M/G 531 are rotational motors, 

10 which are driven by a driving device 532 of the M/G 530 
and a driving device 533 of the M/G 531 , respectively. 
A battery 534 is a power storage device for supplying 
driving power to the M/G 530 and the M/G 531 or storing 
generated power. A planetary gear 534 has input and 

15 output shafts of a sun gear, a carrier and a ring gear. 
The sun gear, the carrier, and the ring gear are connect- 
ed to M/G 530, a planetary gear output shaft 540, and 
a counter shaft 51 6 of the transmission 51 1 , respective- 
ly. On the planetary gear output shaft 540 are arranged 

20 two sets of paired gears of low speed paired gears 536 
and high speed paired gears 537, which are selectively 
engaged with the output shaft 51 7 by a dog clutch 538. 
The M/G 531 drives a driving shaft 536 through a differ- 
ential gear 535. In this constitution, it is possible to easily 

25 change the rear wheel driving vehicle to 4WD. 

[0065] FIG. 9 illustrates a vehicle loaded with a driving 
apparatus according to another embodiment of the 
present invention. The driving force of an engine 1010 
is changed in speed by a transmission 1011 according 

30 to the condition of a vehicle, and is transmitted to a driv- 
ing shaft 1 01 3 through a differential gear 1 01 2. A clutch 
1 014 is a device for transmitting the driving force of the 
engine 1010 to the transmission 1011 or interrupting the 
same. A clutch actuator 1015 is a device for actuating 

35 a clutch 1 01 4. The transmission 1011 is a transmission 
in which a counter shaft 1 016 and an output shaft 1 01 7 
are arranged in parallel, having forward 5 stages and a 
backward one stage. The driving force of the engine 
1 01 0 is transmitted to the counter shaft 1016 through a 

40 speed change stage 1 01 8. 1 -speed paired gears 1 021 , 
2-speed paired gears 1 022, 3-speed paired gears 1 023, 
5-speed paired gears 1 024, and backward paired gears 
1025 include a pair of gears, and a 4-speed is realized 
by directly connecting a dog clutch 1 026 to the engine 

45 1010. Further, the dog clutch 1026 is engaged with the 
1 -speed paired gears 1021 to thereby realize the 
1 -speed. A dog clutch 1 027 is engaged with the 2-speed 
paired gears 1 022 or the 3-speed paired gears 1 023 to 
realize the 2-speed and the 3-speed. A dog clutch 1 028 

50 is engaged with the 5-speed paired gears 1 024 or the 
backward paired gears 1025 to realize the 5-speed and 
the backward. The dog clutch realizes engaging and dis- 
engaging states under the operation of the shift actuator 
1039. 

55 [0066] M/G 1 030 is an electric motor, which is driven 
by an inverter. A battery 1 032 is a power storage device 
for supplying driving power to the M/G 1 030 and storing 
generated power. A planetary gear 1035 has input and 
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output shafts of a sun gear, a carrier and a ring gear. 
The sun gear, the carrier, and the ring gear are connect- 
ed to the M/G 1 030, a planetary gear output shaft 1 036, 
and the counter shaft 1016 of the transmission 1011, 
respectively. On the planetary gear output shaft 1 036 
are arranged three sets of paired gears of low speed 
paired gears 1033, high speed paired gears 1034, and 
a back gear 1 025, which are selectively engaged with 
the output shaft 1017 by the dog clutches 1035 and 
1028. 

[0067] A two-way clutch 1 037 is able to limit a rotating 
direction of the planetary gear output shaft 1036. The 
two-way clutch 1037 makes free rotation of the plane- 
tary gear output shaft 1 036 when the back gear 1 025 is 
used. The two-way clutch 1037 limits a rotating direction 
of the planetary gear output shaft 1 036 when a gear oth- 
er than the back gear 1025 is used. A hybrid controller 
module (HCM) 1 040 generally controls the engine 1 01 0, 
the M/G 1030, and the shift actuator 1039. An engine 
control unit (ECU) 1 038 controls factors derived from the 
output characteristics and the exhaust characteristics of 
the engine such as a fuel injection quantity and an intake 
air quantity of the engine 1010. 

[0068] In this constitution, since the gear of the con- 
ventional transmission is not used as a transmission 
channel of output from the planetary gear as in FIG. 1 , 
the gear ratio between the low speed gear 1 033 and the 
high speed gear 1034 can be freely designed. Further, 
since the back gear 1025 is disposed on the planetary 
gear output shaft 1 036, the back gear 1 025 can be used 
to amplify or double the torque of the M/G 1 030. At this 
time, the two-way clutch 1 037 makes free rotation of the 
planetary gear output shaft 1 036. The shockless speed 
change in this constitution is carried out by the harmo- 
nized control between the engine 1010 and the M/G 
1030. 

[0069] FIG. 10 shows a schematic view of a control 
apparatus including the hybrid controller module (HCM) 
1040 in the embodiment shown in FIG. 9. The hybrid 
controller module (HCM) 1040 has a host controller 

1 050 for determining the optimum operating point of the 
engine 1 01 0 and the torque assist quantity to be provid- 
ed by the M/G 1 030 according to the intention of a driver. 
The ECU 1038 is a device for controlling the intake air 
quantity or the fuel injection quantity of the engine 1 010 
according to instructions from the host controller 1050 
or information on the state of the engine 1010. The shift 
controller 1052 gives instructions of the operating time 
of the dog clutch to the shift actuator 1039. A control 
apparatus 1051 of the M/G 1030 gives driving instruc- 
tions of the M/G 1030 to the inverter 1031 . 

[0070] The ECU 1 038 transmits driving force instruc- 
tions of the engine 1 01 0 to the M/G 1 030 control appa- 
ratus 1051. Further, the M/G 1030 control apparatus 

1 051 gives driving force instructions of the M/G 1 030 to 
the ECU 1038. The M/G 1030 control apparatus 1051 
prepares instructions of the engine 1010 driving force 
from the ECU 1 038, vehicle driving instructions from the 



host controller 50, and driving instructions of the M/G 
1 030 from speed change ratio instructions. Therefore, 
the engine 1 01 0 and the M/G 1 030 are harmonized. The 
shift controller 1052 gives dog clutch operating instruc- 
5 tions to the shift actuator 1 039 based on driving instruc- 
tions of the M/G 1030 and driving force instructions of a 
vehicle. The shift controller! 052 is also controlled in har- 
mony with the M/G 1030. 

[0071] Next, a control flow of the shockless speed 

io change in the embodiment shown in FIG. 9 will be ex- 
plained with reference to FIG. 11. In Step 11, the M/G 
1 030 and the engine 1 01 0 are subjected to torque con- 
trol. In Step 12, responsiveness of torque control is ad- 
justed for the M/G 1030 and the engine 1010. The ad- 

15 justed quantity is calculated by the host controller ac- 
cording to the condition of a vehicle, the intention of a 
driver, and the conditions of the engine and the battery. 
A map or a function may be applied in advance. Further, 
even fixed value can be controlled to alleviate torque. 

20 The procedure proceeds to Step 13 in which torque of 
the M/G 1 030 coincides with a target value through Step 
12. The target value of the torque of the M/G 1030 is 
such that a torque applied to the dog clutch 1 027 ena- 
bles the dog clutch to be disengaged, and is calculated 

25 by the host controller according to the conditions of the 
engine and the battery. In Step 13, when the torque of 
the M/G 1030 becomes equal to the target value, the 
procedure proceeds to Step 14. 
[0072] In Step 14, the dog clutch 1 027 is disengaged 

30 with the 2-speed. When in Step 13, the torque of the M/ 
G 1030 indicates a target value, since the engine torque 
is transmitted to the driving shaft through the planetary 
gear, the engine torque applied to the dog clutch 1027 
is about zero. Therefore, the dog clutch 1027 can be 

35 disengaged with ease. Then, in Step 15, the M/G 1030 
is subjected to speed control. Since the engine speed 
corresponds to that of the 2-speed, the engine speed is 
changed to the engine speed corresponding to the 
3-speed. 

40 [0073] In Step 16, the speed of the engine 1010 is 
compared with the rotating speed of the 3-speed output 
gear. If the engine speed coincides with the rotating 
speed of the 3-speed output gear, the procedure pro- 
ceeds to Step 17. If not coincided, the procedure is re- 

45 turned to Step 15, where speed control of the M/G 1 030 
is carried out in order to coincide with the engine speed. 
During that period, a torque is controlled in the engine 
1 01 0 so that the vehicle driving force is constant. In Step 
17, the dog clutch 1027 is engaged with the 3-speed 

50 gear. Since the engine speed coincides with the rotating 
speed of the 3-speed input gear 33e, the dog clutch 
1 027 can be engaged with ease. After completion of 
Step 17, the procedure proceeds to Step 1 8. 
[0074] Finally, in Step 18, the torque of M/G 1030 is 

55 reduced. A reducing degree at this time is calculated by 
the host controller according to the condition of a vehi- 
cle, the intention of a driver, the conditions of the engine 
and the battery. When the torque of the M/G 1030 indi- 
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cates zero, the speed change operation is completed. 
The engine 1010 adjusts the output torque. 
[0075] FIG. 1 2 represents the operation of the shock- 
less speed change control in the embodiment shown in 
FIG. 9, that is, the operation of components at the time 
of shockless speed change by the harmonized control 
between the M/G 1030 and the engine 1010. The dog 
clutch 1035 is engaged with the low speed gear 1033. 
At this time, the torque of the M/G1 030 is taken as zero, 
whereby the input and output shafts of the planetary 
gear 1035 is rotatable, and can be engaged with ease. 
As a result, no shock occurs when engaged. 
[0076] First, in the first torque control mode 1, the 
torque of the M/G 1030 is increased. Thus, the torque 
generated in the ring gear of the planetary gear is in- 
creased, and the driving force of the engine 1 01 0 is in- 
troduced into the planetary gear 1035. At this time, the 
M/G 1030 is subjected to torque control. The 2-speed 
gear output torque decreases as the torque of the M/G 
1030 increases. Therefore, the torque of the engine 
1 01 0 is increased to compensate for the vehicle driving 
force. The engine 1010 is subjected to torque control. 
When the torque generated in the ring gear becomes 
equal to the torque of the engine 1010, the dog clutch 
1 027 engaged with the 2-speed is disengaged. At this 
time, the torque of the 2-speed gear is about zero, and 
the dog clutch 1027 is disengaged with ease. 
[0077] Next, the variable speed change occurs be- 
tween the 2-speed and the 3-speed. The M/G 1030 is 
subjected to speed control. The driving force of the en- 
gine 1010 is transmitted to the driving shaft 1013 
through the planetary gear 1 035. When the speed of the 
engine 1010 coincides with the rotating speed of the 
3-speed gear, the mode is a torque control mode in 
which the dog clutch 1 027 is engaged with the 3-speed. 
Thereafter, the torque of the M/G 1 030 is reduced. When 
the torque of the M/G 1030 is zero, the speed change 
operation is completed. 

[0078] FIG. 1 3 illustrates a vehicle loaded with a driv- 
ing apparatus according to another embodiment of the 
present invention. The driving force of an engine 910 is 
changed in speed by a transmission 911 according to 
the condition of a vehicle, and transmitted to a driving 
shaft 913 through a differential gear 912. A clutch 914 
is a device for transmitting the driving force of the engine 
91 0 to the transmission 91 1 or interrupting the same. A 
clutch actuator 91 5 is a device for actuating a clutch 914. 
The transmission 911 is a transmission in which a coun- 
ter shaft 916 and an output shaft 917 are arranged in 
parallel, having forward 5 stages and a backward one 
stage. The driving force of the engine 91 0 is transmitted 
to the counter shaft 91 6 through a speed change stage 
918. 1 -speed paired gears 921, 2-speed paired gears 
922, 3-speed paired gears 923, 5-speed paired gears 
924, and backward paired gears 925 include a pair of 
gears, and a 4-speed is realized by directly connecting 
a dog clutch 926 to the engine 910. Further, the dog 
clutch 926 is engaged with the 1 -speed paired gears 921 



to thereby realize the 1 -speed. A dog clutch 927 is en- 
gaged with the 2-speed paired gears 922 or the 3-speed 
paired gears 923 to realize the 2-speed and the 
3-speed. A dog clutch 928 is engaged with the 5-speed 
5 paired gears 924 or the backward paired gears 925 to 
realize the 5-speed and the backward. The dog clutches 
realize engaging and disengaging states under the op- 
eration of the shift actuator, though not shown. 
[0079] M/G 930 is an electric motor, which is driven 

10 by an inverter 931 . A battery 932 is a power storage de- 
vice for supplying driving power to the M/G 930 and stor- 
ing generated power. A planetary gear 935 has input 
and output shafts of a sun gear, a carrier and a ring gear. 
The sun gear, the carrier, and the ring gear are connect- 

15 ed to the M/G 930, a planetary gear output shaft 936, 
and the counter shaft 916 of the transmission 911 , re- 
spectively. On the planetary gear output shaft 936 are 
arranged two sets of paired gears of low speed paired 
gears 933, and high speed paired gears 934, which are 

20 selectively engaged with the output shaft 91 7 by a dog 
clutch 938. A one-way clutch 937 is able to limit a rotat- 
ing direction of the planetary gear output shaft 936. 
[0080] Hence, since the gear of the conventional 
transmission is not used as a transmission channel of 

25 output from the planetary gear as in FIG. 1, the gear 
ratio between the low speed gear 933 and the high 
speed gear 934 can be designed freely. Further, since 
a system can be constituted by adding the planetary 
gear 935 and the M/G 930 to the conventional MT, the 

30 system can be reduced in cost. 

[0081] FIG. 14 illustrates a vehicle loaded with a driv- 
ing apparatus according to another embodiment of the 
present invention. The driving force of an engine 31 1 is 
changed in speed by a transmission 312 according to 

35 the condition of a vehicle, and is transmitted to a driving 
shaft 314 through a differential gear 313. The transmis- 
sion 31 2 is a transmission in which a shaft on the engine 
311 side and a shaft on the driving shaft 314 side are 
arranged in parallel, having forward 5 stages and a 
backward one stage. A 1 -speed 331 , a 2-speed 332, a 
5-speed 335, and a backward 336 have, on the shaft on 
the driving shaft 314 side, a dog clutch for engaging and 
disengaging the shaft of the transmission 312 with each 
speed change gear. A 3-speed 333 and a 4-speed 334 

45 have, on the shaft on the engine 311 side, a dog clutch 
for engaging and disengaging the shaft of the transmis- 
sion 312 with each speed change gear. The dog clutch- 
es realize engaging and disengaging states under the 
operation of the shift actuator, though not shown. 

so [0082] A clutch 319 is a device for transmitting the 
driving force of the engine 311 to the transmission 312 
or interrupting the same. A clutch actuator 320 is a de- 
vice for actuating a clutch 319. M/G 315 is an electric 
motor, which is driven by a driving device 316 of the W 

55 G 31 5. A battery 31 8 is a power storage device for sup- 
plying driving power to the M/G 315 and storing gener- 
ated power. 

[0083] A planetary gear 321 has input and output 
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shafts of a sun gear, a carrier and a ring gear. The sun 
gear, the carrier, and the ring gear are connected to the 
M/G 31 5, a planetary gear output shaft 322, and an input 
gear, arranged on the shaft of the engine 311 side, of 
the 2-speed 332 of the transmission 312, respectively. 
On the planetary gear output shaft 322 are arranged a 
low speed gear 324 meshed with an input gear, ar- 
ranged on a shaft of the engine 31 1 , of the 3-speed 333 
of the transmission 312 and high speed paired gears 
325 meshed with an input gear arranged on a shaft of 
the engine 311 of the 4-speed 334 of the transmission 
312. Likewise, the low speed gear 324 and the high 
speed gear 325 are selectively engaged with and dis- 
engaged by a dog clutch 326 on the planetary gear out- 
put haft 322. In a case where the torque assist or the 
like is carried out in the M/G 315, it is possible that a 
one-way clutch 323 is actuated to amplify a torque by 
the planetary gear 321 for transmission. 
[0084] FIG. 1 5 illustrates a vehicle loaded with a driv- 
ing apparatus according to another embodiment of the 
present invention. In this embodiment, a multi-plate 
clutch 624 is disposed on the driving device. Atthistime, 
in the input and output shafts of a planetary gear 622, a 
sun gear, a carrier, and a ring gear are connected to an 
M/G 617, a 2-speed input gear of a transmission 612, 
and a planetary gear output shaft 623, respectively. In 
this constitution, the multi-plate clutch is used to enable 
shockless speed change up to the 3-speed, and the M/ 
G 617 is used to enable shockless speed change for 
from the 3-speed to the 5-speed, enabling miniaturizing 
the M/G 617. 

[0085] FIG. 1 6 illustrates a vehicle loaded with a driv- 
ing apparatus according to another embodiment of the 
present invention. In this embodiment, mount devices 
713 and 714 are disposed on a sub-frame 712 in order 
to load an engine 71 0 and a transmission 71 1 on the 
vehicle, and mount devices 715 and 716 are disposed 
as a connection with aframe constituting a vehicle body 
connected by the sub-frame 71 2. At this time, in a speed 
change mechanism 718 including an M/G 717 and a 
planetary gear, the heavy M/G 71 7 is arranged close to 
a position of a center of gravity of the engine 710 and 
the transmission 712. Thus, the driving system is bal- 
anced to enable realization of the driving system with 
less loss. 

[0086] FIG. 1 7 illustrates a vehicle loaded with a driv- 
ing apparatus according to another embodiment of the 
present invention. In this embodiment, in 4WD of a rear 
wheel driving vehicle base, a clutch housing 811 includ- 
ing a clutch, a transmission 812, and an output shaft 81 3 
are arranged in series, and a gear construction 814 in- 
cluding a planetary gear, M/G 815 and M/G 816 are 
loaded on a transfer case position, whereby the change 
of the vehicle shape can be suppressed to the minimum. 
Further, an output shaft of M/G 816 is connected to an 
existing propeller shaft 81 7 for front drive wheels to eas- 
ily provide 4WD. 

[0087] Hence, according to the present invention, a 



driving apparatus is provided for continuously control- 
ling the driving force of a vehicle. The torque generated 
by the motor is small and an electric loss occurring when 
a current is supplied can be suppressed. Thus, a hybrid 

5 vehicle is provided which is low in fuel consumption and 
has smooth dynamic characteristics. Further, it is pos- 
sible to provide a driving apparatus and a vehicle using 
the same which eliminates shock due to torque differ- 
ences between power transmission channels when 

10 changing speed. 

[0088] In other words, the present invention provides 
a driving apparatus for a vehicle comprising an engine 
for providing a primary driving force to a driving shaft 
and an auxiliary power plant connected with the engine 

15 through a transmission. The transmission comprises an 
input shaft for inputting the primary driving force from 
the engine and an output shaft connected to the input 
shaft for transmitting the primary driving force to the driv- 
ing shaft wherein the auxiliary power plant provides a 

20 secondary driving force to the driving shaft during a shift- 
ing in speed. 

[0089] Although the invention has been described 
above in connection with exemplary embodiments, it is 
apparent that many modifications and substitutions can 
25 be made without departing from the spirit or scope of 
the invention. Accordingly, the invention is not to be con- 
sidered as limited by the foregoing description, but is 
only limited by the scope of the appended claims. 

30 

Claims 

1 . A driving apparatus for a vehicle comprising: 

35 an engine (11) for providing a primary driving 

force to a driving shaft and an auxiliary power 
plant connected with said engine (11) through 
a transmission (12) said transmission (12) com- 
prising an input shaft (29) for inputting said pri- 

40 mary driving force from said engine (1 1 ) and an 

output shaft (30) connected to said input shaft 
for transmitting said primary driving force to 
said driving shaft wherein said auxiliary power 
plant provides a secondary driving force to said 

45 driving shaft during a shifting in speed. 

2. The apparatus of claim 1 wherein a torque of said 
secondary driving force is substantially equal to that 
of said primary driving force. 

50 

3. The apparatus of claim 1 wherein said transmission 
further comprises a planetary gear (24) for increas- 
ing said secondary driving force. 

55 4. The apparatus of claim 3 further comprising a one 
way clutch (28) for limiting a rotational direction of 
said planetary gear (24). 
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5. The apparatus of claim 3 further comprising a plan- 
etary gear output shaft for outputting said second- 
ary driving force. 

6. The apparatus of claim 1 wherein said auxiliary s 
power plant is a motor generator (1 7). 

7. The apparatus of claim 1 further comprising at least 
another auxiliary power plant connected to said in- 
put or output shafts. 10 

8. A driving apparatus for a vehicle comprising: 

an engine (11) for providing a primary driving 
force to a driving shaft and an auxiliary power 15 
plant connected with said engine (11) through 
a transmission (12) said transmission (12) com- 
prising an input shaft (29) for inputting said pri- 
mary driving force from said engine (1 1 ) and an 
output shaft (30) connected to said input shaft 20 
(29) for transmitting said primary driving force 
to said driving shaft wherein said auxiliary pow- 
er plant provides a secondary driving force to 
said driving shaft during a shifting in speed said 
secondary driving force having a torque sub- 25 
stantially equal to that of said primary driving 
force. 

9. The apparatus of claim 8 wherein said transmission 
further comprises a planetary gear (24) for increas- 30 
ing said secondary driving force. 

10. The apparatus of claim 9 further comprising a one 
way clutch (28) for limiting a rotational direction of 
said planetary gear (24). 35 

1 1 . The apparatus of claim 9 further comprising a plan- 
etary gear output shaft for outputting said second- 
ary driving force. 

40 

12. The apparatus of claim 8 wherein said auxiliary 
power plant is a motor generator (17). 

13. The apparatus of claim 8 further comprising at least 
another auxiliary power plant connected to said in- *5 
put or output shafts. 

14. A driving apparatus for a vehicle comprising: 

an engine (11) for providing a primary driving so 
force to a driving shaft and an auxiliary power 
plant connected with said engine (11) through 
a transmission (1 2) said transmission (1 2) com- 
prising a set of gears for changing speed and 
an input shaft for inputting said primary driving ss 
force from said engine (1 1 ) and an output shaft 
connected to said input shaft for transmitting 
(12) said primary driving force to said driving 



shaft wherein said auxiliary power plant pro- 
vides a secondary driving force to said driving 
shaft during a shifting in said gears. 

15. The apparatus of claim 14 wherein a torque of said 
secondary driving force is substantially equal to that 
of said primary driving force. 

16. The apparatus of claim 14 wherein said transmis- 
sion further comprises a planetary gear (24) for in- 
creasing said secondary driving force. 

17. The apparatus of claim 16 further comprising a one 
way clutch for limiting a rotational direction of said 
planetary gear (24). 

18. The apparatus of claim 16 further comprising a 
planetary gear output shaft for outputting said sec- 
ondary driving force. 

19. The apparatus of claim 14 wherein said auxiliary 
power plant is a motor generator (1 7). 

20. The apparatus of claim 14 further comprising at 
least another auxiliary power plant connected to 
said input or output shafts. 

21 . A method of operating a driving apparatus for a ve- 
hicle comprising the steps of: 

providing an engine (11 ) for providing a primary 
driving force to a driving shaft and an auxiliary 
power plant connected with said engine (11) 
through a transmission (12) said transmission 
comprising an input shaft for inputting said pri- 
mary driving force from said engine (11) and an 
output shaft connected to said input shaft for 
transmitting said primary driving force to said 
driving shaft wherein said auxiliary power plant 
provides a secondary driving force to said driv- 
ing shaft during a shifting in speed. 

22. The method of claim 21 wherein a torque of said 
secondary driving force is substantially equal to that 
of said primary driving force. 

23. The method of claim 21 wherein said transmission 
further comprises a planetary gear (24) for increas- 
ing said secondary driving force. 

24. The method of claim 23 further comprising a one 
way clutch for limiting a rotational direction of said 
planetary gear (24). 

25. The method of claim 23 further comprising a plan- 
etary gear output shaft for outputting said second- 
ary driving force. 
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26. The method of claim 21 wherein said auxiliary pow- 
er plant is a motor generator (17). 

27. The method of claim 21 further comprising at least 
another auxiliary power plant connected to said in- 
put or output shafts. 

28. A method of operating a driving apparatus for a ve- 
hicle comprising the steps of: 

providing an engine (1 1 ) for providing a primary 
driving force to a driving shaft and an auxiliary 
power plant connected with said engine (11) 
through a transmission (12) said transmission 
(1 2) comprising an input shaft for inputting said 
primary driving force from said engine (11) and 
an output shaft connected to said input shaft for 
transmitting said primary driving force to said 
driving shaft wherein said auxiliary power plant 
provides a secondary driving force to said driv- 
ing shaft during a shifting in speed said second- 
ary driving force having a torque substantially 
equal to that of said primary driving force. 

29. The method of claim 28 wherein said transmission 
further comprises a planetary gear (24) for increas- 
ing said secondary driving force. 

30. The method of claim 29 further comprising a one 
way clutch for limiting a rotational direction of said 
planetary gear (24). 

31. The method of claim 29 further comprising a plan- 
etary gear output shaft for outputting said second- 
ary driving force. 

32. The method of claim 28 wherein said auxiliary pow- 
er plant is a motor generator (17). 

33. The method of claim 28 further comprising at least 
another auxiliary power plant connected to said in- 
put or output shafts. 

34. A method of operating a driving apparatus for a ve- 
hicle comprising the steps of: 

providing an engine (1 1) for providing a primary 
driving force to a driving shaft and an auxiliary 
power plant connected with said engine (11) 
through a transmission (12) said transmission 
(12) comprising a set of gears for changing 
speed and an input shaft for inputting said pri- 
mary driving force from said engine (1 1 ) and an 
output shaft connected to said input shaft for 
transmitting said primary driving force to said 
driving shaft wherein said auxiliary power plant 
provides a secondary driving force to said driv- 
ing shaft during a shifting in said gears. 



35. The method of claim 34 wherein a torque of said 
secondary driving force is substantially equal to that 
of said primary driving force. 

5 36. The method of claim 34 wherein said transmission 
further comprises a planetary gear (24) for increas- 
ing said secondary driving force. 

37. The method of claim 36 further comprising a one 
10 way clutch for limiting a rotational direction of said 

planetary gear (24). 

38. The method of claim 36 further comprising a plan- 
etary gear output shaft for outputting said second- 

15 any driving force. 

39. The method of claim 34 wherein said auxiliary pow- 
er plant is a motor generator (17). 

20 40. The method of claim 34 further comprising at least 
another auxiliary power plant connected to said in- 
put or output shafts. 

41. A vehicle comprising a driving apparatus said ap- 
25 paratus comprising: 

an engine (11) for providing a primary driving 
force to a driving shaft and an auxiliary power 
plant connected with said engine (11) through 
30 a transmission (12) said transmission (12) com- 

prising an input shaft for inputting said primary 
driving force from said engine (11) and an out- 
put shaft connected to said input shaft for trans- 
mitting said primary driving force to said driving 
35 shaft wherein said auxiliary power plant pro- 

vides a secondary driving force to said driving 
shaft during a shifting in speed. 

42. The vehicle of claim 41 wherein atorque of said sec- 
40 ondary driving force is substantially equal to that of 

said primary driving force. 

43. The vehicle of claim 41 wherein said transmission 
further comprises a planetary gear (24) for increas- 
es ing said secondary driving force. 

44. The vehicle of claim 43 further comprising a one 
way clutch (28) for limiting a rotational direction of 
said planetary gear (24). 

so 

45. The vehicle of claim 43 further comprising a plane- 
tary gear (24) output shaft for outputting said sec- 
ondary driving force. 

55 46. The vehicle of claim 41 wherein said auxiliary power 
plant is a motor generator (17). 

47. The vehicle of claim 41 further comprising at least 
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another auxiliary power plant connected to said in- 
put or output shafts. 

48. A vehicle comprising a driving apparatus said ap- 
paratus comprising: 

an engine (11) for providing a primary driving 
force to a driving shaft and an auxiliary power 
plant connected with said engine (11) through 
a transmission (12) said transmission (12) com- 
prising an input shaft for inputting said primary 
driving force from said engine (11) and an out- 
put shaft connected to said input shaft for trans- 
mitting said primary driving force to said driving 
shaft wherein said auxiliary power plant pro- 
vides a secondary driving force to said driving 
shaft during a shifting in speed said secondary 
driving force having a torque substantially 
equal to that of said primary driving force. 

49. The vehicle of claim 48 wherein said transmission 
(12) further comprises a planetary gear (24) for in- 
creasing said secondary driving force. 

50. The vehicle of claim 49 further comprising a one 
way clutch (28) for limiting a rotational direction of 
said planetary gear (24). 



10 



15 



20 



25 



56. The vehicle of claim 54 wherein said transmission 
further comprises a planetary gear (24) for increas- 
ing said secondary driving force. 

57. The vehicle of claim 56 further comprising a one 
way clutch (28) for limiting a rotational direction of 
said planetary gear (24). 

58. The vehicle of claim 56 further comprising a plane- 
tary gear output shaft for outputting said secondary 
driving force. 

59. The vehicle of claim 54 wherein said auxiliary power 
plant is a motor generator (1 7). 

60. The vehicle of claim 54 further comprising at least 
another auxiliary power plant connected to said in- 
put or output shafts. 



51 . The vehicle of claim 49 further comprising a plane- 
tary gear output shaft for outputting said secondary 
driving force. 



30 



52. The vehicle of claim 48 wherein said auxiliary power 
plant is a motor generator (17). 

53. The vehicle of claim 48 further comprising at least 
another auxiliary power plant connected to said in- 
put or output shafts. 

54. A vehicle comprising a driving apparatus said ap- 
paratus comprising: 

an engine (11) for providing a primary driving 
force to a driving shaft and an auxiliary power 
plant connected with said engine (11) through 
a transmission (1 2) said transmission (12) com- 
prising a set of gears for changing speed and 
an input shaft for inputting said primary driving 
force from said engine (1 1 ) and an output shaft 
connected to said input shaft for transmitting 
said primary driving force to said driving shaft 
wherein said auxiliary power plant provides a 
secondary driving force to said driving shaft 
during a shifting in said gears. 

55. The vehicle of claim 54 wherein a torque of said sec- 
ondary driving force is substantially equal to that of 
said primary driving force. 
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